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一种C50Cl10富勒烯氯化物新的生成机理的密度泛函理论计算
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Abstract: #271C50Cl10 is widely postulated to be a direct chlorination product of cage #271C50. We suggest an
alternative formation mechanism of #271C50Cl10, based on the topological relationship of these C50 fullerenes.
Density functional theory (DFT) calculations of the proposed cage transformation pathway in the chlorination
of C50 were performed. The proposed pathway is stimulated by chlorination-promoted fullerene cage
transformation, with a low activation barrier. DFT calculations of the Stone-Wales (SW) transformation pathways
revealed that the thermodynamically favored rearrangement of other C50 chlorofullerene into #271C50Cl10 requires
a lower activation energy than that of the pristine carbon cage. This suggested that it is a more effective pathway
of chlorinating C50 to #271C50Cl10.
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氯化富勒烯, 包括#1809C60Cl8,9 #1804C60Cl12,10 #18917C76Cl24,11
#39173C82Cl2812和 #283794C102Cl2013 等.由于SW转变过程无
法从实验观测, 开展相应的理论研究就显得非常
必要. Ioffe等 11利用密度泛函理论 (DFT)方法研
究了 C76富勒烯氯化物和它们之间的结构转变过
程, 得到从 IPR #19150C76Cl24出发经过七步SW旋转获











探讨过. Lu等 15使用B3LYP方法对 271种C50异构
体及氯化物进行了计算, 结果显示具有D3对称性的
序号为270的C50是它的基态结构, 同时包括#271C50,








结构性质在 Dmol3模块 18,19中采用 Perdew-Burke-
Ernzerhof (PBE)20及加极化的全电子双数值基组

































要高 23.32 kJ∙mol-1. 因此, 虽然泛函不同, PBE和
B3LYP方法都能给出一致的结果. 在所有氯化富
勒烯中, #271C50氯化物都是能量上最稳定的.以#270C50
碳笼为例, #270C50Cl2比#271C50Cl2高 48.53 kJ∙mol-1, 而





Fig.1 SW rearrangement between C50 fullerene isomers












Fig.2 Optimized structures of the lowest energy C50Cl2m (2m=2-12) at the PBE/DNP level
表1 PBE/DNP水平下优化后的最稳定C50Cl2m (2m=0-14)异构体的相对能量(Erel), HOMO-LUMO能隙(Eg)和氯化能(ΔECl)
Table 1 Relative energies (Erel), HOMO-LUMO gap (Eg), and chlorinated energy (ΔECl) of the most stable isomers of
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富勒烯空笼的 SW旋转反应需要较高的能量,
反应能垒大概在 5-7 eV之间. 我们用 PBE/DNP计
算了#270C50通过两次SW旋转生成#271C50,获得的活化






情况 . 计算结果如图 3所示 , 对于没有氯的重排
#270C50Cl10➝#266C50Cl10和#266C50Cl10➝#271C50Cl10的 SW旋
转活化能分别为 451.76和 445.06 kJ∙mol-1. 与对应
的空笼 SW旋转活化能相比, 分别降低了 122.67和
119.74 kJ∙mol-1. 而有氯重排的情况下, #270C50Cl10➝
#266C50Cl10和#266C50Cl10➝#271C50Cl10的 SWT旋转活化能
分别为393.98和365.09 kJ∙mol-1.与空笼相比,分别











Fig.3 SW transformation from the #270C50Cl10 into #271C50Cl10 through #266C50Cl10
The relative energy values (kJ∙mol-1) are provided for chlorinated and pristine cages. ΔEa: activated energy barrier
表2 PBE/DNP水平下计算的两次SW旋转活化能
Table 2 Two SW activated energy barriers calculated at the PBE/DNP level
Series numbers (1-5) represent non chlorine arrangement, and series numbers 1a-5a represent chlorine arrangement.










































































































以上结果显示, 在从 #270C50空笼生成 #271C50Cl10
富勒烯衍生物形成过程中, 一条高度可能的路径
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